Differences in growth, chemical body composition and visceral organ development were evaluated in three genetic stocks: Beltsville Highfat (HF) and Lowfat (LF) Duroc-Yorkshire composites and a Hampshire • Large White cross (CX). Ten sets of littermate barrows were used from each stock. One pig from each set was slaughtered at 10, 17 and 24 wk of age. After slaughter, each pig was dissected into three fractions: carcass, head and feet, viscera and blood. Backfat was measured at three locations and visceral organs were weighed separately. Each fraction was frozen, ground, sampled and analyzed in duplicate for protein, fat, water and ash. The CX pigs were heaviest at all ages and contained the most fat-free mass (FFM). The HF pigs were smallest and contained the most fat, while LF pigs tended to be intermediate. The LF pigs deposited a greater proportion of weight in head and feet and a greater proportion of total FFM in the carcass than HF and CX pigs. Estimated allometric growth coefficients for non-fat chemical components relative to empty body weight (EBWT) were lower for HF than LF and CX, which were similar. Coefficients for fat were similar among stocks yet intercepts differed widely. Relative to total FFM, water increased at a faster rate and ash a slower rate in CX pigs compared to HF and LF. Growth coefficients were calculated for internal organs relative to EBWT. Coefficients for organs of the digestive tract were not different among stocks. However, significant differences among stocks were found for heart, lung, spleen and liver that were not explained by differences in body composition.
than fat growth primarily because of the high water content of lean tissue.
The energy cost of protein synthesis, which includes protein breakdown and resynthesis plus net protein deposition, has been considered by several researchers as a probable source of much of the energy cost of maintenance Millward et al., 1976; Webster et al., 1978) . Fractional rates of protein synthesis are higher in visceral organs than in skeletal muscle . Results presented by Baldwin et al. (1980) and Tess et al. (1984a) support the hypothesis that, relative to their weight, internal organs contribute more to maintenance requirements than skeletal muscle.
Production systems that attempt to maximize the efficient use of feed resources must account for differences among genotypes in developmental changes in body composition Tess et al., 1983) . Quantitative descriptions of the growth of chemical body components are needed to understand better and predict nutrient requirements of divergent genotypes.
J. Anim. Sci. 1986.62:968-979 The objectives of this study were to quantify and compare the development of body fractions, chemical components and internal organs in three divergent genetic stocks of swine.
Materials and Methods
Data utilized in this study were collected as part of a comparative slaughter experiment designed to evaluate the effects of chemical body composition upon energy utilization in swine. Details of the experimental procedures have been described by Tess et al. (1984a) .
Briefly, 10 sets of three littermate barrows were used from each of three genetic stocks: Beltsville Highfat (HF) and Lowfat (LF) DurocYorkshire composites and a Hampshire • Large White cross (CX). The HF and LF composites are descended from lines selected for increased and decreased backfat, respectively (Hetzer and Harvey, 1967) . At 10 wk of age, one pig from each set was assigned to initial slaughter. The remaining two pigs were individually fed a 16% crude protein diet ad libitum for 7 or 14 wk. Before slaughter each pig was fasted for 24 h, then placed in an open-circuit calorimeter where respiratory exchange was measured for 16 h. At slaughter, each pig was dissected into three fractions: carcass (including skin and hair), head and feet, and viscera (including blood). Digestive tract components were stripped free of digesta and rinsed. Backfat depth was measured over the right loin at three locations: first rib, last rib and last lumbar vertebrae. In addition, the following visceral organs were weighed: blood, heart, lungs, spleen, kidneys, liver, stomach, small intestine (free of mesentery) and large intestine. Each fraction was frozen, ground, sampled and analyzed in duplicate for protein, fat, moisture (water) and ash content.
Data Analyses. Data from each slaughter group (10, 17 and 24 wk) were analyzed for differences among genetic stocks by one-way analysis of variance. In addition, data pooled from all three slaughter groups were fitted to the following linear aUometric model (Seebeck, 1968; Fowler and Livingstone, 1972): where:
In Y = ln0q + j3ilnX i + e,
In Y = natural logarithm of weight of body fraction, chemical component, interlnX i = lna i = r nal organ or backfat depth; natural logarithm of empty body weight (EBWT = sum of weights of dissected body fractions), dissected body fraction, total fat-free mass (FFM) or total fat for the i th genetic stock (i = 1,2,3); relative growth coefficient for the i th genetic stock; intercept for the ith genetic stock and residual error.
Differences among growth coefficients fitted for each genetic stock were tested by fitting reduced models that included a common coefficient for the various combinations of genetic stocks.
For predicting values of Y from values of Xi, model [1] may be transformed to the familiar form:
[2]
Model [1] was fitted to the data for several combinations of Y and X to compare the genetic stocks for: 1) Growth of dissected fractions, chemical components, internal organs and carcass backfat relative to EBWT. 2) Growth of protein, water, ash and internal organs relative to FFM. 3) Growth of carcass backfat relative to total fat.
Results and Discussion
Means for EBWT, weights of dissected fractions, chemical components and internal organs are presented in tables 1, 2 and 3. Means for backfat thickness at three locations are shown in table 4. Means were not adjusted for body weight nor expressed as percentages because weights of empty body components were generally not linearly related to EBWT, and because slopes of these regressions were different among genetic stocks. Dinkel et al. (1965) have discussed problems associated with percentages in the interpretation of carcass data.
At all three ages, CX pigs were heaviest and HF lightest (table 1). The LF pigs were intermediate but more similar to HF. The LF were similar to CX for weights of head and feet but similar to HF for carcass weight suggesting b'c'dMeans of genetic stocks that do not have a common superscript differ (P<.O5).
eResidual standard deviation in parentheses. b'c'dMeans of genetic stocks that do not have a common superscript differ (P<.05).
eResidual standard deviation in parentheses.
in this study. Doornenbal (1971 Doornenbal ( , 1972 Doornenbal ( , 1975 respectively. Compared with the CX pigs in our study, coefficients reported by Kielanowski were lower for fat but higher for non-fat components.
In our results plus those reported by Kielanowski (1976) and Shields et al. (1983) , growth coefficients for protein and ash were higher than those for water, indicating that the proportion of water in fat-free tissue decreases as animals grow. Ferrell and Cornelius (1984) have also shown that the relationship between body water and fat (or protein) is not constant as age or weight increases.
Growth rates of fat-free mass (or fat) in each dissected fraction relative to total FFM (or fat) were calculated to determine if the distribution of the chemical components within the body differed among genetic stocks ( For fat, differences among coefficients were small and only significant for carcass. These results indicate that selection for decreased (increased) backfat caused a disproportionate increase (reduction) in carcass FFM relative to total FFM. From a consumer point of view, this may be desirable, because most edible tissue is in the carcass fraction. Seebeck (1983) , utilizing data from cattle and Iambs, proposed that fatter carcasses had more protein and less water in their fat-free carcass. Growth coefficients for protein, water and ash relative to FFM are presented in table 8. Relative to total FFM, protein increased more rapidly in LF pigs than in HF pigs (P<.05). The CX pigs were intermediate. The estimated regression equations indicate that at lower weights of FFM (<58 kg), HF pigs contain more protein than LF pigs. The CX pigs had a higher coefficient for water (P<.05) and lower coefficient for ash (P<.05) than HF and LF pigs, but differences between HF and LF were not significant. Ferrell and Cornelius (1984) also reported that the relationship between body water and fat differed between HF and CX pigs. In contrast to Seebeck (1983) , our genetic data (HF vs LF) do not suggest that fatness is associated with more protein and less water in FFM. Rapid growth (CX vs LF), however, may be associated with more water and less ash in FFM.
Internal Organs. Growth coefficients for internal organs relative to EBWT are presented in table 9. Estimated coefficients for LF pigs were generally higher than for HF pigs for organs of the circulatory system. Differences were significant for heart, lung and spleen. Coefficients for CX were similar to LF for heart and spleen but similar to HF for lung. For liver, LF pigs had a lower coefficient than for HF and CX. Genetic stocks had similar coefficients for organs of the digestive tract, suggesting that the growth pattern of these organs is not influenced by chemical body composition. Davey and Bereskin (1978) reported that within Yorkshire and Duroc breeds at 100 kg, high-fat pigs had lighter livers, hearts, kidneys and stomachs than low-fat pigs, though differences were not always significant. Doornenbal and Tong (1981) reported growth coefficients dstandard errors of ~i in parentheses. sistently larger. Doornenbal and Tong (1981) reported that growth coefficients for internal organs increased by .05 to .07 when expressed relative to total body protein rather than body weight. On a weight basis, visceral organs may contribute more to heat loss than skeletal tissues (Baldwin et al., 1980; Tess et al., 1984a, b) . Differences in relative organ weights may be a source of variation in heat loss among pigs of similar FFM.
Back fat. Growth coefficients for backfat relative to EBWT and total fat were not different among stocks. Hence, the data were fitted to a reduced model containing a pooled coefficient for genetic stocks but different intercepts. Estimated intercepts for genetic stocks are reported in the log scale in order'that appropriate standard errors may be presented (table 11) . High-fat pigs deposited the most backfat per unit of EBWT at each location measured (P<.001), followed by LF and CX. When expressed relative to total fat, HF pigs still deposited more fat in backfat (P<.001) than LF and CX pigs, which were similar. Wood et al. (1983) reported that selection for low backfat thickness shifted sites of fat deposition within subcutaneous depots slightly, but not between depots. In contrast, our results suggest that selection for high-or low-backfat may alter the distribution of body fat.
General Discussion
The comparison of HF and LF stocks in this study quantify the effects of long-term selection for increased or decreased backfat thickness upon growth and development. The CX pigs represent current industry stocks, and hence, industry selection presumably based on several traits including backfat, in contrast to stocks produced as a result of single-trait selection for decreased backfat (LF).
At 24 wk of age, HF pigs were 13% lighter than LF pigs, while CX pigs were 23% heavier than LF pigs. Faster growth for CX pigs may reflect heterosis effects as well as industry selection for growth. The HF exceeded LF for chemical fat (47 vs 31%) and were lower for protein (11 vs 14%). The CX pigs contained 28% fat and 15% protein.
The results reported here and by Tess et al. (1984a,b) in related studies indicate that selection for rapid lean growth produces several important correlated effects upon growth and production efficiency. Selection against backfat should decrease total empty body fat, but may also shift the distribution of fat among depots. Pigs that grow fast and contain less fat will require less metabolizable energy per kilogram of gain but have higher daily maintenance requirements and require more protein per kg of feed. Higher maintenance requirements may be due to increased organ size relative to empty body weight, in addition to increased skeletal muscle mass.
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